Background & Summary {#Sec1}
====================

Colorectal cancer (CRC) is one of the most common types of cancer worldwide, in terms of both incidence and mortality^[@CR1]^. Most cases of CRC are sporadic with no known genetic link. Environmental factors are therefore likely to play a critical role in the development of the disease, and a key characteristic of the colon is that it houses the largest proportion of the human microbiome, suggesting that this might play a role in causing CRC. Recent data points to the importance of the microbial communities in the gut, the microbiome, and possible links to the development of CRC^[@CR2]--[@CR5]^. If this is the case, understanding the role of the microbiome in CRC will have profound effects on cancer rates, since it is potentially relatively easily to manipulate, using diet, pre- and probiotics and faecal transplants^[@CR6]--[@CR9]^. However, despite the intense interest in the field and increasing evidence pointing to a role for the microbiome in CRC, convincing connections with clinical parameters and outcome are rarely seen.

CRC is a highly heterogeneous disease, with varying clinical outcomes, response to therapy, and morphological features, and molecular subtyping systems based on CpG-island methylation, microsatellite instability and gene mutations have shown strong associations with outcome and response to therapy in CRC^[@CR10]--[@CR13]^.

Contrary to other microbiome studies, where CRC is treated as a single disease entity, we focused on the association between Consensus Molecular Subtypes (CMS) of colorectal cancer and gut microbiome patterns in the accompanying primary publication^[@CR14]^. We stratified a set of CRC tumour samples into CMS according to their gene expression profiles^[@CR15]^ and assessed differences in bacterial communities among CMS. The gene expression profiles were generated using RNA sequencing, and 16S rRNA metabarcoding as well as metagenomic analysis of non-human portion of the RNA sequencing data were employed for bacterial taxa quantification. We analysed the enrichment/depletion of bacterial species in one subtype compared to the other subtypes and showed enrichment of certain oral bacteria associated with CMS, which was validated using targeted quantitative PCR.

The data generated in this study combine various views of each sample as multiple different methods were used to obtain information about the samples. This allows us to study associations between the results of the particular methods. Making the raw sequencing data available together with the scripts used for data processing and analysis, we enable reuse of the data and extend the collection of the data sources related to CRC, for which the aetiology is not yet well understood.

Methods {#Sec2}
=======

Here, we present a more condensed version of the methods that led to data and analyses in the primary publication^[@CR14]^. The workflow is shown in Fig. [1](#Fig1){ref-type="fig"} and the names of the partial processes (depicted in blue in the figure) are used as titles in this section to structure the text. We make the raw sequencing data freely available in NCBI Sequence Read Archive^[@CR16]^, and scripts together with more downstream analysis results are accessible as the Zenodo dataset^[@CR17]^.Fig. 1Workflow of sample and data processing. Samples and data are shown in grey and processes highlighted in blue.

Sample collection & handling {#Sec3}
----------------------------

Tumour tissue was collected from 34 patients undergoing surgery for resection of colorectal tumours. None of the patients had received chemotherapy prior to surgery, and all patients provided written, informed consent. This study was carried out with approval from the University of Otago Human Ethics Committee (ethics approval number: H16/037). Table [1](#Tab1){ref-type="table"} shows patient metadata for the cohort. At the time of surgery, CRC tumour cores were taken and immediately frozen in liquid nitrogen and initially stored at −80 °C. They were subsequently transferred to RNAlater ICE^TM^ (Qiagen), and equilibrated for at least 48 hours at −20 °C, prior to nucleic acid extraction. RNA and DNA were extracted from 15--20 mg each of tissue using RNEasy Plus Mini Kit (Qiagen) and DNeasy Blood and Tissue Mini Kit (Qiagen), respectively. Tissue disruption was carried out using a Retsch Mixer Mill. RNA extraction included a DNAse treatment step, and DNA extraction included overnight incubation with proteinase K, and treatment with RNAse A. Purified nucleic acids were quantified using the NanoDrop 2000c spectrophotometer (Thermo Scientific, Asheville, NC, USA), and stored at −80 °C. Nucleic acids were extracted from all tumour samples in a single batch by one operator, to avoid inter-batch variation.Table 1Patient metadata for Predict colorectal cancer cohort. Gender categories M for male and F for female are used; column stage is post-operative Tumour-Node-Metastasis staging; U/C in CMS column stands for unclassified; and N/A in the side column stands for data not available.SampleIDCMSAgeGenderSiteSideStageCRC_01CMS273MColonLeft1CRC_02U/C62FColonLeft3CRC_03U/C76FColonRight2CRC_04CMS188FColonRight2CRC_05U/C68FColonRight3CRC_06CMS363MColonRight1CRC_07CMS281FColonLeft2CRC_08CMS274MColonRight3CRC_09CMS183FColonRight2CRC_10CMS281MColonLeft1CRC_11CMS379FColonLeft3CRC_12CMS379FColonRight1CRC_13CMS274FColonRight2CRC_14U/C83MColonLeft2CRC_15CMS377FColonRight3CRC_16CMS384FColonRight3CRC_17U/C77MColonLeft3CRC_18CMS258MColonRight3CRC_19CMS277MColonLeft2CRC_20CMS374MColonRight2CRC_21CMS175FColonRight2CRC_22CMS378FRectumN/A3CRC_23CMS278FColonLeft2CRC_24CMS345FColonRight1CRC_25CMS178FColonRight2CRC_26U/C67MColonRight3CRC_27CMS175FColonRight3CRC_28CMS378MColonLeft1CRC_29CMS267MColonRight2CRC_30CMS280MColonLeft2CRC_31CMS274FColonRight2CRC_32CMS268FColonLeft4CRC_33CMS280FColonRight3CRC_34CMS181MColonRight3

RNA-seq {#Sec4}
-------

Library preparation and ribosomal RNA depletion was carried out using Illumina TruSeq stranded total RNA library prep V1 and Ribo-Zero Gold. The ribosomal RNA depletion step has potentially removed a portion of bacterial ribosomal RNA alongside of the human one, hence losing some information on bacteria. However, the same method of depletion was used on all the samples thus the potential loss would effect all of them in a similar manner. RNA sequencing was carried out using the Illumina HiSeq. 2500 V4 platform, to produce 125 bp paired end reads. Each sample library was split equally to two HiSeq lanes and the sequences from the two lanes were merged for each sample during the data processing phase.

Read mapping, Gene expression quantification, and Profile classification {#Sec5}
------------------------------------------------------------------------

Adapters and low quality segments were removed from the sequenced reads using fastq-mcf from EA Utils^[@CR18]^ and SolexaQA++^[@CR19]^. The cleaned reads were mapped to the GRCh38 reference human genome with STAR^[@CR20]^ and the read count for each HAVANA annotated gene in every sample was calculated with htseq-count^[@CR21]^. The read counts were transformed to gene expression profiles measured in transcripts-per-million (TPM) with DESeq2^[@CR22]^. The published CMS classifier^[@CR15]^ was used to assign a molecular subtype of the disease to each sample based on the gene expression profiles (for more details see^[@CR14]^). We identified six samples as CMS1, 13 samples as CMS2 and nine samples as CMS3. No samples were classified as CMS4, and six samples were unclassified.

Assignment of reads to bacterial taxa {#Sec6}
-------------------------------------

A Kraken^[@CR23]^ database was built containing all NCBI Refseq complete genomes or chromosome-level genomes (January 2017) and additional genomes of bacteria proposed to play a role in CRC, disregarding their genome status. The used bacterial genomes are listed in the files Supplementary_table_K1.xlsx (all complete and chromosome-level genomes) and Supplementary_table_K2.xlsx (of interest specifically for CRC) in the folder data/kraken of the accompanying repository. All RNA-seq reads that were not uniquely mapped to the human genome reference sequence were used as input to Kraken using this custom database for taxonomic classification per sample. Altogether, 2231 different bacterial species were detected in at least one sample and only 1.4% of the analysed reads were not assigned to any bacterial species. We visualised bacterial abundances per CRC subtype using Krona^[@CR24]^ and the interactive plots are available at <http://crc.sschmeier.com>.

Differential analysis of bacterial species in CMS {#Sec7}
-------------------------------------------------

We analysed the enrichment/depletion of bacterial species in one subtype compared to the other subtypes employing a strategy similar to differential expression analysis. Using edgeR^[@CR25]^, we identified bacterial taxa with considerable abundance differences among the subtypes. For each CRC sample we used the assigned CMS subtype, the list of identified bacterial species, and the read counts corresponding to the identified species as input data. We treated all samples of a certain CMS subtype as replicates belonging to the subtype and ran differential analysis of each CMS subtype against all the other classified samples. This analysis identified bacterial species that are enriched (or depleted) in a subtype as compared to all other subtypes. For further details regarding the analysis, please refer to the primary publication^[@CR14]^.

16S rRNA metabarcoding {#Sec8}
----------------------

Libraries containing 16S rRNA were prepared with 20 ng of DNA for each sample using primer pairs flanking the V3 and V4 hypervariable regions of the 16S rRNA gene and Illumina sequencing adaptors and barcodes were added using limited cycle PCR. Amplicon sequencing was carried out using the Illumina MiSeq platform, and paired end reads of length 250 bp were generated.

Metabarcoding data analysis {#Sec9}
---------------------------

Short overlapping forward and reverse reads coming from the same fragment were joined together with FLASh^[@CR26]^ to form sequences of the V3-V4 hypervariable 16S rRNA region. Afterwards, low quality regions were removed from the resulting fragments with SolexaQA++^[@CR19]^. Microbiome analysis was carried out with the QIIME bioinformatics pipeline^[@CR27]^ using the Greengenes database^[@CR28]^ for taxonomy assignment. No further normalisation of the data was performed.

Data Records {#Sec10}
============

Sequenced genomic data from both RNA-seq and 16S rRNA metabarcoding experiments are stored in the Sequence Read Archive as the study SRP117763^[@CR16]^. Data resulting from the analyses presented here are located in the folder data of the Zenodo repository^[@CR17]^. The data are separated into several subfolders:The folder expr contains raw read counts in subfolder raw_counts, tpm-based expression profiles of all samples stored in file tpm.readyForClassifier.tsv and also file CMSclassifiedCRC.tpm.havana.tsv containing the CMS subtype classification. These files are the main outcomes of gene expression profile classifications.Results of the metagenomics analysis of the non-human genomic content of RNA-seq are located in folder kraken together with two tables (Supplementary_table_K\*.xlsx) containing lists of bacterial species used in this metagenomics analysis.The folder 16S contains the biom file otu_table.biom resulting from the 16S rRNA metabarcoding analysis with QIIME and two partial abundance tables otu_table_sorted\_\*.txt.gz. The abundance tables are derived from the biom file and were used further for data visualisation in the primary publication as well as for the metagenomics method comparison.

Technical Validation {#Sec11}
====================

RNA-seq raw data quality {#Sec12}
------------------------

The quality of raw sequenced reads from RNA-seq experiments was assessed with FASTQC and was very good. A pair of representative per base quality plots of corresponding forward and reverse read pairs for one sample is shown in Fig. [2a](#Fig2){ref-type="fig"}). Regardless of the raw data quality, all the samples underwent routine data cleaning to ensure that no base was called with a Phred quality below 20. In Table [2](#Tab2){ref-type="table"}, we show number of reads passing various data processing stages together with relative proportion of the reads passing two different stages.Fig. 2Per base quality of raw sequencing data, sample CRC_16. Output of FASTQC: (**a**) RNA sequencing, (**b**) 16S rRNA amplicon sequencing.Table 2RNAseq, read counts and their ratios in various data processing stages for each sample. N/A in the CRC_14 sample stands for data not available.sample IDsequenced read pairs (count)base quality ≥ 30 (in %)cleaned read pairs (count)cleaned in sequenced (in %)uniquely mapped read pairs (count)uniquely mapped in cleaned (in %)fragments counted in expression profiles (count)counted in mapped (in %)read pairs for meta- genomics(count)used for meta- genomics in cleaned (in %)CRC_011021034492.99819663080.28715034787.24530161574.14104628312.76CRC_021819537991.861409994377.49895330363.50633993170.81514664036.50CRC_031706074892.861369575480.281176319285.89873770874.28193256214.11CRC_041611356392.831298420480.58777133559.85551509370.97521286940.15CRC_051228311692.70978784779.69817736883.55614178075.11161047916.45CRC_061188953692.52944427679.43768970681.42548540971.33175457018.58CRC_071676760092.771338461479.821117449483.49828276874.12221012016.51CRC_081169202392.05914848878.25721163678.83537098774.48193685221.17CRC_091241432691.96974435278.49485335049.81347319471.56489100250.19CRC_101419695392.411121680979.01965911486.11730781575.66155769513.89CRC_111189178692.48938467278.92584276462.26417247471.41354190837.74CRC_121837695792.451444844978.621043807372.24753545872.19401037627.76CRC_131686956892.161331057178.901166496087.64874748774.99164561112.36CRC_14N/AN/AN/AN/AN/AN/AN/AN/AN/AN/ACRC_151368055890.831048177776.62571301054.50403552370.64476876745.50CRC_161398261291.801103528878.92886741380.36650981673.41216787519.64CRC_171687388392.101330633678.86995997074.85718181572.11334636625.15CRC_181666344592.171317980779.091064127180.74740004269.54253853619.26CRC_19351843491.50272123877.34125891746.2672703057.75146232153.74CRC_201343006191.981049078578.11170166916.22108747163.91878911683.78CRC_21984534490.87749147276.09574121176.64427212574.41175026123.36CRC_221508380391.891186537378.661037674487.45776357474.82148862912.55CRC_23942719290.64716901076.05566396479.01421622374.44150504620.99CRC_241167075490.49882415075.61615163469.71448607472.92267251630.29CRC_251594793992.421253352878.59848763067.72635344274.86404589832.28CRC_261459046291.971134101277.73915058980.69671404373.37219042319.31CRC_271430225892.331133361479.241007472388.89753193774.76125889111.11CRC_281151927091.74900897278.21791103687.81572414772.36109793612.19CRC_291010632293.12815847280.73740131390.72545858773.757571599.28CRC_30932302287.74650237469.75269735341.48144524353.58380502158.52CRC_311661753092.221309506778.801125516485.95832609273.98183990314.05CRC_321241869089.24899411972.42755714784.02564442574.69143697215.98CRC_331555651892.151216503278.201092849589.84820679875.10123653710.16CRC_341845573892.851479308880.151321988789.37999541175.61157320110.63

16S rRNA sequencing raw data quality {#Sec13}
------------------------------------

In Fig. [2b](#Fig2){ref-type="fig"}), we show quality of the 16S rRNA sequencing raw data for sample CRC_16. The other samples' 16S rRNA quality plots looked similar. It can be seen that per base quality varied a little bit more along the 16S rRNA reads when compared to the RNA-seq reads, but overall the quality was very good for the 16S rRNA sequencing as well. Please note that the read length for the 16S rRNA sequencing was twice the read length of the RNA-seq, which together with differences between the used sequencing instruments explains differences in the quality plots. All the 16S rRNA samples underwent routine data cleaning to ensure that no base was called with a Phred quality below 20. In Table [3](#Tab3){ref-type="table"}, we show number of reads passing various data processing stages together with relative proportion of the reads passing two different stages.Table 316S rRNA metabarcoding, read counts and their ratios in various data processing stages for each sample.sampleIDsequenced read pairs (count)base quality ≥ 30 (in %)cleaned fragments (count)cleaned in sequenced (in %)CRC_0133333589.7517682353.05CRC_0223822192.1512646253.09CRC_0335665091.9818747452.57CRC_0430767692.3516599153.95CRC_0526179893.3314854756.74CRC_0612263092.366741654.98CRC_0717558994.3910431059.41CRC_0821084993.2211925556.56CRC_0923825894.0613370056.12CRC_1023353692.3012981355.59CRC_1129189087.5214840650.84CRC_1217362193.149674455.72CRC_1320447192.4311358855.55CRC_1425585192.5214182255.43CRC_1525470093.3714589957.28CRC_1621001494.0612614160.06CRC_1719776592.9611078456.02CRC_1816132492.889044156.06CRC_1914749893.668242555.88CRC_2023531892.3312777954.30CRC_2116942193.649662757.03CRC_2224936493.5514414657.81CRC_2317115291.549128153.33CRC_2410206691.905488053.77CRC_2533449693.6719565658.49CRC_2626550493.2215071356.76CRC_276939193.024003757.70CRC_2813787391.437433353.91CRC_2917693694.0610734860.67CRC_3020297194.4611807858.17CRC_3122021693.4412680757.58CRC_3210888093.346168856.66CRC_3321919894.4212879358.76CRC_3430543893.8817875958.53
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All the code used to process the genomic data is freely available as a part of the provided Zenodo repository^[@CR17]^ and the code is located in the folder named scripts. The scripts folder also contains dependencies listed in the file used_packages_and_their_versions.tsv and the used parameter values listed in used_parameters.tsv. Depending on the scripts' functionality, they are separated into various folders:

The folder rnaseq-subtype-classification contains scripts used for read mapping, gene expression quantification, and profile classification.

The folder kraken/human-unmapped contains scripts to assign reads to bacterial taxa.

The folder kraken/diff-expr-taxa contains scripts for differential analysis of bacterial species in CMS.

The folder 16S-metabarcoding contains scripts for metabarcoding data analysis.
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